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(57) Abstract 

A transport apparatus (10) for transporting articles (12) includes a planar element (14) having a working surface (16, 16A) 
configured to receive articles (12). Two lines of orifices (19) extend completely through the planar element (14). Fluid delivered 
through the orifices (19) exits through the outlets (20, 20A) of the orifices (19) in opposite transverse directions and provides a 
motive force which transports the article (12) while providing a pressure differential which suppports the article (12). 
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FLUID TRANSPORT SYSTEM FOR 
TRANSPORTING ARTICLES 



Technical Field 

The present invention relates to a transport 
system for moving articles • More particularly , the 
present invention relates to a fluid transport system 
for moving articles in a controlled manner with the 
article held adjacent the transport by the conveying 
fluid ♦ 

Background of the Invention 

Devices such as air tables which provide a 
cushion of air on which an article can float are well 
known. Air conveyers which use air flow to impart 
translational movement while floating the article 
along a plane parallel to a surface also are well 
known . 

Transport tables which use directional air 
jets to transport articles also are known. For 
example, Hassan et al., U.S. Patent No. 4,081,201, 
Loveless et al., U.S. Patent No. 4,278,366, and 
DeRobertis et al., U.S. Patent No. 4,395,165 disclose 
transporting computer chips and wafers using an air 
film at low speeds and with the air exiting the system 
at a large acute angle with respect to the surface 
along which the chips and wafers are transported. 
Futer, U.S. Patent No. 3,180,688, Lasch, Jr. et al., 
U.S. Patent No. 3,645,581, Range, U.S. Patent No. 
3,614,168 and Lasch, Jr., U.S. Patent No. 3,718,371 
are representative of patents that disclose various 
conveyors which use air which exits the system at 
smaller acute angles less than 30° with respect to the 
surface along which the articles are transported. 
Wallin et al., U.S. Patent No. 3,231,165 discloses an 
air conveyor for transporting flexible webs which uses 
outwardly oriented air outlets. This system requires 
backwardly facing outlets to help stretch taut the 



WO 94/02395 



PCT/US93/06147 



-2- 

webs as well as a segmented surface to exhaust the 
transport air. These systems are relatively complex, 
and simpler and more efficient systems are desired. 

None of the known systems discloses a fluid 
5 transport apparatus which can transport articles 

including flexible webs in which the working surface, 
adjacent which articles are transported, is continuous 
and substantially smooth to permit fluid delivered to 
the working surface to exhaust off of the working 

10 surface at the side edges of the working surface. 
None of these systems discloses a fluid transport 
system in which the fluid is delivered to the working 
surface along first and second arrays which are 
located on opposite sides of the longitudinal 

15 centerline of the working surface to transport 

flexible articles, with each of the outlets oriented 
to deliver fluid at an outward angle with the 
direction of transport to prevent impingement of the 
fluid flows from the two arrays, without requiring 

2 0 backwardly directed air flow from backwardly directed 
outlets. None of these systems disclose outlets which 
can have relatively small length-to-width ratios while 
ejecting air at small acute angles, and none discloses 
outlets that create an angular, non-linear, stepped 

25 path for the fluid. 

Summary of the Invention 

The present invention is a transport system 
for transporting articles which improves upon known 
30 transport systems. The transport system transports 

the article while the article is held to the transport 
surface without contact and with control of the 
article. The article can be transported in any 
orientation. 

35 The transport system has a working surface 

having a longitudinal centerline and two side edges, 
The working surface is continuous and substantially 
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smooth to permit fluid delivered to the working 
surface to exhaust off of the working surface at the 
side edges of the working surface. The article is 
transported and supported along the working surface by 
5 a plurality of orifices terminating in outlets on the 
working surface. The outlets deliver the fluid to the 
working surface along first and second arrays which 
determines the transport path of the article. 

The first and second arrays are located on 

10 opposite sides of the longitudinal centerline of the 

working surface and each of the outlets is oriented to 
deliver fluid at an angle with the direction of 
transport. The fluid flow direction includes a 
cross-directional component perpendicular to the 

15 direction of transport and a directional component 
parallel to the direction of transport. The fluid 
flow from the outlets of the first array does not 
impinge the fluid flow from the outlets of the second 
array adjacent the working surface. The fluid exiting 

20 the outlets transports the article along the working 
surface and supports the article adjacent and spaced 
from the working surface while preventing the article 
from contacting the working surface during transport. 



25 Brief Description of the Drawings 

Figure 1A is a schematic perspective view of 
a transport system of the present invention. Figure 
IB is a schematic cross-sectional view of the 
transport system. 
3 0 Figure 2 is a cross-sectional view of the 

transport system of the present invention taken along 
the array of outlets of Figure 1. 

Figure 3 is a partial cutaway top view of 
the transport system of Figure 1. 
35 Figure 4 is a schematic view of a horizontal 

one-dimensional, transport path. 

Figure 5 is a schematic view of a curved, 
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two-dimensional transport path. 

Figure 6 is a schematic view of a helical, 
three-dimensional transport path. 

Figure 7 is a schematic view of an 
5 upside-down, horizontal, one-dimensional transport 
path* 

Figure 8 is a schematic view of a downwardly 
vertical transport path. 

Figure 9 is a schematic view of an upwardly 
10 vertical transport path. 

Figure 10 is a schematic perspective view of 
an alternative embodiment of the transport system of 
the present invention. 

Figure 11 is a schematic view of the 
15 transport system of Figure 10, 

Figures 12A and 12B are cross-sectional 
views of an alternative embodiment of the transport 
system of the present invention. 

Figure 13 is a schematic cross-sectional 

2 0 view of the transport system showing the transfer of 

an article from one transport system to another 
transport system. 

Detailed Descrip tion of Preferred Embodiments 
25 The transport system 10 of the present 

invention is illustrated in Figures 1-3. The 
transport system 10 can transport articles 12 without 
contacting the article. The system 10 can transport 
articles, including webs such as tape, provided the 

3 0 article has an area-to-weight ratio large enough to be 

supported via a pressure differential and transported 
by a given transport system. The transport system 10 
can operate with various fluids including air, water, 
inert f luorocarbons, and various other gases and gas 
35 mixtures. The transport system 10 includes a planar 
element 14, such as a top plate, having a working 
surface 16 and an opposing surface 18. ~ The articles 
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12 are transported in a preferred direction as the 
working surface 16 operates on the articles 12. The 
working surface 16 may be planar or curved, providing 
one-dimensional (Figure 4), two-dimensional (Figure 
5 5) , or three-dimensional (Figure 6) article paths, 
depending on the specific application. 

As shown in Figure 1A, a plurality of 
orifices 19 having outlets 20 are in fluid 
communication with a conduit assembly 22. The 

10 orifices 19 serve as an outlet for a conduit assembly 
22 , extend through the planar element 14, and are 
arranged in two arrays of outlets 20 on the working 
surface 16 , although a single array or many arrays 
also can be used. As shown, the arrays can be linear. 

15 As shown in Figure IB, which is a generalized 

schematic illustration of the orifice , each orifice 19 
extends through the planar element 14 at an acute 
angle a, relative to the working surface 16. The 
outlet 20 of each orifice 19 is also oriented to cause 

20 the fluid to exit the outlet 20 at the same angle a 
with the working surface 16 . A pair of outlets 20, 
each in a respective array of outlets, as shown in 
Figure 1A, are spaced from each other at a given 
preferred location- As described below, the location 

25 of the arrays of outlets, and the distance between 

adjacent outlets 20 in an array and adjacent outlets 
20 in adjacent arrays can be selected based on the 
size of the article 12 being transported. The 
distance, perpendicular to article movement, between 

3 0 adjacent outlets 2 0 at the same location is selected 
based on the size of the article 12. For a 3.5 inch 
magnetic disk, this distance is 1,27 cm (0.5 in). The 
distance, parallel to article movement, between 
adjacent outlets 20 in an array of outlets is also 

35 selected based on the size of the article 12 and is 
1.90 cm (0.75 in) for a 3.5 inch magnetic disk. 

The conduit assembly 22, shown in Figure 1A, 
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includes a housing 24 mounted to the opposing surface 
18 of the planar element 14. The housing 24 includes 
a channel which defines a plenum chamber 26 and has a 
bottom wall 28 and side walls 30, and a top wall 
5 formed by the opposing surface 18 of the planar 

element 14. At least one side wall 30 includes edge 
guides 31 extending above the working surface 16 to 
guide the article 12 as it is transported. An inlet 
32 extends into the housing 24 and introduces fluid to 

10 the plenum chamber 2 6 for distribution through the 

orifices 19. The inlet 32 is coupled to a pressurized 
fluid supply 34 which supplies a fluid to the conduit 
assembly 22 . 

The pressurized fluid within the plenum 

15 chamber 2 6 exits through the outlets 20 to deliver a 
jet-like flow of fluid against the article 12 to 
provide a motive force to transport the article 12. 
The jet-like fluid flow creates a pressure 
differential upon which the article 12 is supported. 

20 The pressure differential results in a fixed gap 

between the working surface 16 of the planar element 
14 and a bottom surface 36 of the article 12. The 
fixed gap is established by balancing and maintaining 
equilibrium among the forces, including gravity, on 

25 the article 12. 

The transport characteristics of the article 
12 can be altered by changing the angle a as well as 
the angle b, shown in Figure 3. As the angle b 
decreases from 90° to 0°, the pressure differential 

30 between the top and bottom surfaces of the article 12 
is increased and the article velocity decreases. 
Figures 2 and 3 illustrate a layered construction of a 
planar element 14. 

The layered construction as shown in Figure 

35 3 can be formed of materials that are rigid or 

flexible and the layers can be laminated to each 
other. There can be as many layers as are necessary 
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to create the desired outlet configuration within the 
space constraints of overall thickness and individual 
layer thickness. Figure 3 illustrates a three layered 
construction of a planar element 14, The first layer 
5 52 is the inlet or supply layer and includes an 

opening 54 which serves as the fluid inlet 32. The 
second layer 56 is a directional layer which includes 
elongate orifices 58 which are oriented generally in 
the direction of flow and distribute the fluid in the 

10 direction of flow. In this embodiment, these openings 
58 define the interior region plenum chamber of the 
conduit assembly housing. The third layer 60 includes 
the working surface 16 and outlets 2 0 of the orifices 
19 through which the fluid exits. The opening 54 , 

15 orifice 58, and outlet 20 combine to form the orifice 
19. As is shown in the Figures, each outlet can 
create an angular, non-linear, stepped path for the 
fluid. 

As shown, the transport system 10 can have a 

20 continuous, smooth working surface 16, with no breaks 
in the surface other than the outlets 20, and with no 
protrusions, such as edge guides at the side edges. 
Alternatively, grooves and other minor surface 
features can be formed in the working surface, but 

25 these are not necessary to exhaust fluid. The 

presence of these surface features makes the working 
surface substantially smooth. Also, the working 
surface is at least as long as the articles being 
transported. The working surface 16 has a 

3 0 longitudinal centerline between the two side edges and 
need not be segmented to facilitate the exhaust of the 
fluid. The fluid that is delivered to the working 
surface exhausts at the side edges of the working 
surface or at the side edges of the article, depending 

35 on whether the article is wider than the working 
surface. 

The first and second arrays of outlets are 
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located on opposite sides of the longitudinal 
centerline of the working surface 16. Each of the 
outlets is oriented to deliver fluid at an angle with 
the direction of transport, as shown in Figure 1A. 
5 The directional component 66 of the fluid flow 

contributes to both the pressure differential and 
transport of the article 12 while the 
cross-directional component 62, perpendicular to the 
directional component 66 , contributes only to the 

10 pressure differential. The directional and 

cross-directional components 62, 66 combine to yield 
the flow direction 64. When the fluid exits with no 
cross-directional component 62 the system 10 
transports articles 12 with less pressure differential 

15 than if there were a cross-directional component. 

When the fluid exits with no directional component 66, 
the system 10 holds articles 12 with no transport and 
no contact. 

As shown, the direction of the 

20 cross-directional component 62 of the fluid flow 
direction of each outlet 20 in the first array of 
outlets is away from that of each outlet 20 in the 
second array of outlets. This orifice orientation 
permits the system 10 to stretch flexible articles 

25 taut, permitting the transport of webs without 

fluttering or other instability. The perpendicular 
distance from the first and second arrays of outlets 
20 to the respective working surface side edges is 
selected to assist exhausting of the fluid off of the 

3 0 working surface at the side edge of the working 
surface. Additionally, the outlets can all be 
oriented with the directional component of the fluid 
flow in the direction of article transport. No 
backwardly-facing outlets are required to stretch taut 

35 flexible articles. 

Holes may be formed by drilling with a bit 
having a circular cross section and, when drilling at 
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an acute angle with the plane of the working surface, 
form an outlet at the working surface having an oval 
cross section with a length-to-width ratio governed by 
the drilling angle a as expressed in the equation 1/w 
5 = 1/sin a. However, the outlet area can have any 

shape. It could be rectangular, round, oval, or any 
regular or irregular polygon. The outlet length-to- 
width ratio is not limited by the drilling angle 
formula and length-to-width ratios much less than 

10 dictated by the formula can be achieved. Thus, the 

outlet 20 can extend through the working surface 16 to 
deliver fluid to the working surface at an effective 
angle of less than 20° with an outlet having a length- 
to-width ratio less than 2.9. The effective angle can 

15 be less than 15° and the length-to-width ratio less 

than 3.8, the effective angle can be less than 10° and 
the length-to-width ratio less than 5.7, and the 
effective angle can be less than 5° and the length-to- 
width ratio less than 11.4 • 

20 According to the Bernoulli principle, as the 

fluid velocity increases, its pressure is reduced from 
that of the surrounding fluid moving at a lower 
velocity. The velocity difference causes a pressure 
difference. An object placed between the high and low 

25 velocity fluid will tend to be forced toward the 

higher velocity fluid until equilibrium is reached. 
Where a uniform fluid flow is forced between a 
stationery plate and a movable object, a uniform force 
will be exerted on the object toward the plate. The 

30 object will not contact the plate if the object has an 
area-to-weight ratio large enough so that the upward 
force from the fluid jets equals or exceeds the 
gravitational force and other attractions. 

As long as the fluid flow is uniform between 

35 the article 12 and the working surface 16 and the 
article 12 has a sufficiently large area-to-weight 
ratio, pressure will be exerted on the article toward 
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the working surface. Therefore , the system 10 can 
operate in any orientation both relative to the web 
travel direction as well as relative to the cross-web 
direction. The system 10 can operate when the planar 
5 element 14 and the article 12 are horizontal with the 
article 12 on top of the working surface 16 of the 
planar element 14 (Figure 4), as well as vertical 
(Figures 8 and 9), with the article 12 underneath the 
working surface 16 of the planar element 14 (Figure 

10 7) , or at any orientation along the 360° circle of 

positions. The system 10 is orientation independents 

An alternative transport system 10A is shown 
in Figure 10. The transport system 10A includes a 
planar element having a working surface 16A. In this 

15 embodiment, the planar element is simply a planar 

surface. The planar element includes first and second 
arrays of outlets 20A and a third array of outlets 40, 
All of the outlets 20A, 40 extend through the planar 
element at an acute angle relative to the working 

20 surface 16A, The third array of outlets 40 is 

directed opposite to the first and second arrays of 
outlets 2 OA. The third array of outlets 4 0 can be 
centrally located along a central longitudinal axis of 
the working surface 16A while the first and second 

25 arrays of outlets 20A can include two arrays running 

along each transverse side of the working surface 16A. 
The distance, parallel to article movement, between * 
adjacent outlets 40 is selected based on the size of * 
the article 12, the flow rate, and the orifice angle, 

30 and is 1.90 cm (0.75 in) for a 3.5 inch magnetic disk. 

The conduit assembly 22A is in fluid 
communication with the first and second arrays of 
outlets 20A, 40. The housing 24A includes a first 
channel that defines a first plenum chamber 26A 

35 positioned beneath the first and second arrays of 

outlets 20A. A second annular channel of the housing 
24A defines a second plenum chamber 42 positioned- 
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beneath the third array of outlets 40. 

As shown in Figures 10 and 11, first and 
second inlets 32A, 44, respectively, extend through 
the housing 24A into the respective first and second 
5 plenum chambers 26A, 42. The first and second inlets 
32A, 44 are coupled to respective compressed fluid 
supplies 34 A, 4 6 which supply fluid under pressure to 
the plenum chambers 26A, 42, which can operate under 
different pressures. Fluid delivered to the first 

10 plenum chamber 26A exits through the first and second 
arrays of outlets 20A and provides a motive force to 
transport the article 12. Fluid delivered under 
pressure to the second plenum chamber 42 exits through 
the third array of outlets 40 and provides a braking 

15 force that counteracts the motive force and thereby 

controls the speed of transport. This fluid also can 
provide an increased pressure differential between the 
article 12 and the surface 16A. Alternatively, the 
transporting and braking roles of the arrays of 

20 outlets can be reversed. As in the previous 

embodiment, fluid exiting the outlets 2 OA, 4 0 supports 
the article 12 without contact. 

In a modification shown in Figures 12A and 
12B, a movable wiper layer 48 can open and close the 

25 orifices 19 to turn on and off the fluid jets passing 
through the orifices. The wiper layer 48 also can 
reverse the direction of fluid flow through the 
orifices 19 to change the direction on the article 12. 
As the wiper layer 48 moves from the position in 

30 Figure 12A to that in Figure 12B, the fluid inlet is 
switched to change the fluid jet direction as shown. 

This transport system for articles is 
relatively uncomplicated and has few moving parts, so 
partial or complete system failure is less likely. 

35 The transported article is highly stable and can be 
transported at relatively high controlled speeds and 
with the system 10 upside down or at any other 
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orientation, which can be advantageous. 

In this arrangement, articles 12 having the 
proper area-to-weight ratio will be held to the 
working surface 16 of the planar element and can be 
5 transported in any orientation with excellent speed 

and directional control. Small outlets 20 expel fluid 
at high velocity differentials that hold the article 
12 to the working surface 16 at a gap of about 0 to 
about o.io cm. An array of outlets 20 in the center 

10 of the working surface 16 tends to flatten a web or 

flexible article that is many times the width spacing 
of the outlets 20. Also, the fluid jets can control 
movement in the plane of the working surface 16 and 
can transfer articles 12 from one planar element to 

15 another as shown in Figure 13 . Although the planar 
elements are shown as overlapping, they need not 
overlap. 

In one embodiment, the diameter of the 
outlets 20, 40 is less than 0.152 cm and the article 

20 .12 is transported while being held to the planar 

element 14 at a distance of about 0 cm to about 0.10 
cm to the working surface 16 and the velocity of the 
fluid ranges from about 100 to about 300 m/s. In 
another embodiment, an article was transported along a 

25 two dimensional circular path at speeds exceeding 

about 7.6 m/s using less than about 10 watts of poWer 
at a spacing with the working surface of less than 
about 0.015 cm. Depending upon the application, the - 
orifices can be directed at any angle relative to the 

3 0 working surface. 

In another example embodiment, the transport 
system is formed of a layered construction using three 
layers. (All dimensions are approximate.) The first 
layer 52 is 0.4 mm thick and is made of a vinyl 

35 material with adhesive on one side to adhere to the 

second layer. The second layer 56 is 0.4 mm thick and 
also is made of a vinyl material. The second layer 
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Claims 

1. A transport apparatus 10, 10A for 
transporting articles 12 comprising: 
5 a working surface 16, 16A having a 

longitudinal center line and two side edges, wherein 
the working surface 16, 16A is continuous and 
substantially smooth to permit fluid delivered to the 
working surface 16, 16A to exhaust off of the working 

10 surface 16, 16A at the side edges of the working 
surface 16, 16A; and 

means for orientation independently 
transporting and supporting the article 12 along the 
working surface 16, 16A comprising a plurality of 

15 orifices 19 terminating in outlets 20, 20A on the 

working surface 16, 16A for delivering the fluid to 
the working surface 16, 16A along first and second 
arrays which determines the transport path of the 
article 12, wherein the first and second arrays are 

20 located on opposite sides of the longitudinal 

centerline of the working surface 16, 16A, wherein 
each of the outlets 20, 20A is oriented to deliver 
fluid at an angle with the direction of transport, the 
fluid flow 64 direction including a cross-directional 

25 component 62 perpendicular to the direction of 

transport and a directional component 66 parallel to 
the direction of transport, and wherein the fluid flow 
64 from the outlets 20, 20A of the first array does 
not impinge the fluid flow from the outlets 20, 20A of 

30 the second array adjacent the working surface 16, 16A, 
wherein fluid exiting the outlets 20, 20A transports 
the article 12 along the working surface 16, 16A and 
supports the article 12 adjacent and spaced from the 
working surface 16, 16A while preventing the article 

35 12 from contacting the working surface 16, 16A during 
transport. 
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8- A method of transporting an article 12 
having first and second opposing surfaces with the 
first surface 3 6 adjacent a continuous and 
5 substantially smooth working surface 16, 16A having 
side edges, wherein the working surface 16 , 16A 
permits fluid delivered to the working surface 16, 16A 
to exhaust off of the working surface 16, 16A at its 
side edges, the method comprising the step of 

10 delivering a fluid to the first surface 36 of the 
article to orientation independently transport and 
support the article 12 along the working surface 16, 
16A, wherein the delivering step comprises delivering 
fluid from two transverse locations on opposing sides 

15 of the longitudinal centerline of the working surface 
16, 16A at each longitudinal location of the working 
surface 16, 16A, the fluid flow 64 direction including 
a cross-directional component 62 perpendicular to the 
direction of transport and a directional component 66 

20 parallel to the direction of transport, wherein the 
direction of the cross-directional component 62 for 
each transverse location at a longitudinal location of 
the working surface 16, 16A is away from each other. 

25 9. The method of claim 8 further 

comprising the step of causing the fluid to be 
delivered to the working surface 16, 16A at a 
perpendicular distance from the respective side edges 
of the working surface 16, 16A to assist exhausting of 

30 the fluid off of the working surface 16, 16A at the 
side edge of the working surface 16, 16A. 

10. The method of claim 8 wherein the 
article 12 is flexible and further comprising the step 
35 of maintaining tension on the article 12 during 

transport to maintain the article 12 substantially 
planar and prevent flexing- 
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11. An apparatus 10 for transporting 
articles 12 comprising: 

at least one article 12 to be transported; 
a working surface 16, 16A having a 
5 longitudinal centerline and two side edges, wherein 
the working surface 16, 16A is continuous and 
substantially smooth to permit fluid delivered to the 
working surface 16, 16A to exhaust off of the working 
surface 16, 16A at the side edges of the working 

10 surface 16, 16A; 

means for orientation independently 
transporting and supporting the article 12 along the 
working surface 16, 16A comprising a plurality of 
orifices 19 terminating in outlets 20, 20A on the 

15 working surface 16, 16A for delivering the fluid to 
the working surface 16, 16A along first and second 
arrays which determines the transport path of the 
article 12, wherein the first and second arrays are 
located on opposite sides of the longitudinal 

20 centerline of the working surface 16, 16A, wherein 
each of the outlets 20, 20A is oriented to deliver 
fluid at an angle with the direction of transport, the 
fluid flow 64 direction including a cross-directional 
component 62 perpendicular to the direction of 

25 transport and a directional component 66 parallel to 

the direction of transport, and wherein the fluid flow 
from the outlets 20, 2 OA of the first array does not 
impinge the fluid flow from the outlets 20, 20A of the 
second array adjacent the working surface 16, 16A, 

30 wherein fluid exiting the outlets 20, 20A transports 
the article 12 along the working surface 16, 16A and 
supports the article 12 adjacent and spaced from the 
working surface 16, 16A while preventing the article 
12 from contacting the working surface 16, 16A during 

3 5 transport; and 

means for delivering a supply of fluid to 
the orifices 19. 
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